The aim of the study was to uncover mortality risk utilizing a retrospective review at a level I trauma center in addition to demographic factors.
Introduction
Closed pelvic ring fractures have a major impact on the healthcare system in terms of morbidity and mortality [1] [2] [3] [4] [5] . As the population in the United States continues to age, low-energy fractures of the pelvic ring will likely become more common. Studies have shown a significant increase in low-energy pelvic ring injuries in ages 60 and older [6] [7] [8] . Despite the increase in uniform management and improved understanding of lowenergy injuries, information in terms of mortality and outcome is still limited [6] . Low-energy fractures of the elderly population sustained from a ground level fall frequently result in pelvic fractures that do not damage the true integrity of the ring structure and are often treated non-operatively. These fractures include superior and inferior pubic rami fractures as well as non-displaced sacral alar fractures.
The pelvic ring consists of the sacrum and the two innominate bones whose integrity is stabilized by the strong surrounding ligamentous structures. Pelvic fractures were classified in an attempt to facilitate injury identification and aid in prediction of associated injuries and prognosis [6] . The Young-Burgess classification system enables physicians to identify four types of ring disruption based on radiographic imaging for typically higher energy injuries. These four types consist of lateral compression, anterior posterior compression, vertical sheer and combined mechanical injury [9] . Studies have shown that minimally displaced and stable high-energy injuries result in an acceptable long-term outcome, but no specific epidemiologic reports on mortality rate have been pursued in low-energy fractures in the elderly [10] .
To our knowledge, there is a lack of literature specifically addressing the mortality of low-energy pelvic ring fractures. This study aimed to define the mortality and describe the population in general with a retrospective review. Additionally, the study intended to establish predicative factors for increased mortality after non-operative pelvic ring fractures to help guide resources for preventive measures to decrease the risk of a fall.
Materials and Methods
This was a retrospective chart review at a level I trauma center in Northeast Ohio. Electronic medical records of patients with low-energy closed pelvic ring fractures treated non-operatively from 2007 to 2017 were examined. Patients were included if they were ≥ 65 years old, sustained a closed pelvic ring fracture from a low-energy fall, the fracture did not warrant operative treatment and was stable based on clinical exam and radiographic assessment. Patients who underwent operative treatment for closed pelvic ring fracture, had a high-energy injury, or had previous closed pelvic ring injury were excluded. All patients who underwent non-operative treatment were allowed unrestricted weight bearing. ICD-9 (808.2, 805.6, 808.42 and 808.44) and CPT (27193) codes were used to request data from the electronic medical records. Data on demographics (age, sex and race), date of injury, fracture pattern (closed pelvis without circle disruption, pubis, sacrum, coccyx and ischium), length of stay in days, discharge deposition (home, rehabilitation facility and subacute nursing facility) and comorbidities (diabetes mellitus, congestive heart, failure, cardiac arrhythmias, prior cerebrovascular accident, renal disease, cancer, Parkinson's disease, hypertension, chronic obstructive pulmonary disease and the need for continued anticoagulation) were collected from the electronic medical records. Pelvis radiographs including computed tomography (CT) scan, when available, were examined by the first author (MG) as well as confirmed by the radiologist official impression.
The outcome measure was mortality using incidence of death, which was recorded by using three databases, which include the Ohio Department of Health vital statistics, the national death index and the social security death index.
Statistical analysis
The Chi-square test was performed for each influencing variable to compare differences in proportions of variables in associated mortality of patients with P value ≤ 0.05 considered as significant. For those variables that showed most relation with mortality (comorbidities, age, length of stay and discharge disposition), logistic regression analysis was performed, with P value of < 0.05 considered significant. A sensitivity and specificity analysis of the variables was also performed. Patients in the study were age stratified to groups 65 -84, 85 and older and overall ages 65 and older. Mortality rates at 1 year were calculated for each group. This was compared to the Center for Disease Control and Prevention National Center for Health Statistics 2016 National Vital Statistics Reports vol. 67 no. 5 Death Report [11] . Relative risk (RR), confidence interval (CI) and P values were calculated by Chi-square test using risk of fracture and death as variables.
Results
The mean age of all patients included in the study who sustained a low-energy pelvic fracture was 83.1 years (± 7.5; 66 -97). The mean length of stay was 4.6 days (± 4.4; 0 -37). The mean number of comorbidities was 2.2 (± 1.0; 0 -3+).
The study population was comprised of 18 males (10.9%) and 147 females (89.1%). One hundred sixty-one patients were Caucasian (98.2%). Forty-three patients were discharged to home (26.1%) while the rest were discharged to either nursing homes or rehab centers; one patient died in hospital.
Chi-square analysis is shown in Table 1 . The 2+ comorbidities showed a statistical significance in the pelvic fracture population with a P value of 0.037. Race, sex, discharge disposition and length of stay did not seem to have any effect on mortality.
Logistic regression analysis is shown in Table 2 . It also shows that in all the independent variables, the number of comorbidities (more than 2) had a statistical significance on mortality (P = 0.037). Analysis of variance (ANOVA), as shown in Table 3 , demonstrates a significance of age (mean age of patients who died is 84.5 years) and comorbidities (2.39) on mortality (P = 0.020).
The 1-year mortality for patients that sustained a low-energy pelvis fracture was 23.0% as seen in Table 4 . The RR of 1-year mortality for low-energy pelvic fractures for ages 65+ did not reach statistical significance compared to the US population in 2016 (6.6%) (RR: 1.0; 95% CI). The RR of 1-year 
Discussion
The average age of the population that sustained a low-energy pelvic fracture from a ground level fall was 83 years. Advanced age has been associated with incidence of lower extremity fractures. The association could be attributed to multiple factors including increased frailty in the elderly population, decreased bone mineral content and an inability to tolerate necessary rehabilitation and lifestyle changes to prevent mechanical falls [12] . In this sample population, the overall mortality rate was 23% at 1 year. The RR did not differ from the United States mortality rate in 2016 of 65 years and older. Unlike hip fractures and unstable pelvic injuries, patients weight bear as tolerated immediately which has been shown to prevent deconditioning. Low-energy pelvic injuries do not require surgery, which decreases the risk of post-surgical complication that may cause early mortality [13] .
Patients who sustained a low-energy pelvic fracture between the ages of 65 and 84 demonstrated a statistically significant mortality RR in the study compared to the cumulative 65+ age group. Perhaps a low-energy pelvic fracture is associated with an older physiologic age since the mean age of sustaining this fracture in the study was 83. There may be underlying factors that were not addressed in this study.
In the sampled population, length of stay, sex, discharge disposition and race did not have significant effect on mortality. This may be due to the inherent stability of these lowenergy fractures allowing patients on average to mobilize and rehab earlier. Hip fractures require operative fixation which increases physiologic demands of the patient as well as potential for post-surgical complications. These findings contrast hip fracture literature which show increased mortality of fractures in men and non-Caucasian patients [14] [15] [16] .
The significance of comorbidity and its effect on postfracture mortality has been well documented in orthopedic literature [16] [17] [18] . As expected, comorbidities are associated with higher risk of mortality regardless of the orthopedic injury. The mean age of the deceased patients was 84.5 years from the study. Elderly patients with an average of 84.5 years were found to have higher rates of mortality, but as described above, older ages are likely to sustain earlier mortality regardless of any contributing injury.
This study has several limitations. The study was retrospective in nature. The study yielded a population size of 165 and a smaller sample size could overestimate of mortality compared to a larger sample size. The patients were selected in a local region of northeast Ohio which may not reflect the heterogeneous national population. The study did not account for confounding factors associated with each comorbidity.
Low-energy pelvic injuries that did not require operative treatment did not increase patients' mortality rate compared to the United States population. To our knowledge, this is the first study published evaluating mortality and its risk factors for low-energy pelvic fractures in the elderly. Based on the results of this study, further investigation is warranted, including a larger sample population and multi-center study. 
